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ABSTRACT.—Carrying behavior is exhibited for myriad purposes by a variety of animals, including mammalian carnivores, but it has been poorly studied. We used wildlife camera data to document and describe carrying behavior in a
suite of native and domestic mammalian carnivores in Colorado, USA. Our objectives were to estimate the carrying rate
for each carnivore species, assess the relationship between carrying rate and carnivore body mass, compare items carried to known diets and with proximity to urbanization, and explore seasonal variation in carrying rate. We documented
carrying behavior in red foxes (Vulpes vulpes), coyotes (Canis latrans), bobcats (Lynx rufus), gray foxes (Urocyon
cinereoargenteus), pumas (Puma concolor), and domestic cats (Felis catus). These carnivores carried objects at relatively
low rates (range 0.44%–3.40%), although smaller-bodied carnivores carried items at greater rates than larger-bodied
species. Prey items recorded by remote cameras were consistent with vertebrates known to be consumed by each
species, and anthropogenic and synanthropic items were more common near the wildland-urban interface. For red fox,
the species with the largest sample of carrying events, the rate of carrying varied by season, with increased rates during
spring and summer months. Systematic exploration of carrying behavior has the potential to lend insight into carnivore
diet in space and time and into shifts in dietary patterns along the wildland-urban interface. We demonstrate the power
of camera trap data to examine these relationships and encourage further research of carrying behavior.
RESUMEN.—Una gran variedad de animales, incluso los mamíferos carnívoros, presentan conductas de acarreo o
transporte, para diversos fines, aunque dicha conducta ha sido poco estudiada. Utilizamos datos de cámaras silvestres
para documentar y describir la conducta de acarreo en un conjunto de mamíferos carnívoros domesticos nativos de
Colorado, EE.UU. Nuestro objetivo fue estimar la tasa de carga para cada especie carnívora, evaluar la relación entre
la tasa de carga y la masa corporal del carnívoro, comparar los objetos transportados con las dietas conocidas y con la
proximidad a la urbanización, y explorar la variación estacional de la tasa de carga. Documentamos conductas de
acarreo en zorros rojos (Vulpes vulpes), coyotes (Canis latrans), linces rojos (Lynx rufus), zorros grises (Urocyon
cinereoargenteus), pumas (Puma concolor) y gatos domesticos (Felis catus). Estos carnívoros acarrearon objetos a tasas
relativamente bajas (rango 0.44%–3.40%), aunque las especies de carnívoros menos corpulentos transportaron objetos
a tasas más altas que las de cuerpos más grandes. Los objetos de presa registrados por las cámaras remotas fueron consistentes con los vertebrados que se sabe que son consumidos por cada especie, y los objetos antropogénicos y
sinantrópicos fueron más comunes cerca de la interfaz urbano-forestal. En el zorro rojo (la especie con la mayor muestra de conductas de acarreo), la tasa de acarreo varió según la temporada, aumentando durante los meses de primavera
y verano. La exploración sistemática de las conductas de acarreo tiene el potencial de brindar información sobre la
dieta de los carnívoros en espacio y tiempo, y sobre los cambios en los patrones dietéticos a lo largo de la interfaz
urbano-forestal. Demostramos la utilidad de los datos obtenidos a través de cámaras trampa para examinar estas relaciones y promover mayor investigación en el futuro sobre conductas de acarreo.

Animals carrying objects (hereafter referred
to as carrying behavior) has been observed in
a broad assortment of species and serves a
variety of purposes (e.g., Lowney 1958, Wall
and Balda 1981, Wicksten 1985, Santos et al.
1997, Sánchez et al. 1999, Onuki and Makino
2005). For example, prey animals (e.g., gray
squirrels [Sciurus carolinensis]) carry food to

mitigate predation risk, where the tendency to
carry is mediated by both the size of the food
item and distance to cover (Lima et al. 1985).
In mammalian carnivores, carrying behavior
has been studied as a mechanism to provision
dependent young (e.g., Kleiman and Eisenberg 1973, Malcolm 1985, Garcelon et al. 1999),
cache surplus food (e.g., Smith and Reichman

*Corresponding author: rebecca.much@colostate.edu
RMW  orcid.org/0000-0003-4142-7820

ARG  orcid.org/0000-0001-9567-8655

471

472

WESTERN NORTH AMERICAN NATURALIST (2019), VOL. 79 NO. 4, PAGES 471–480

1984, Oksanen et al. 1985), and move offspring
(e.g., Malcolm 1985). Carrying behavior, however, is difficult to document in carnivores
given their elusive behavior, nocturnal activity patterns, wide-ranging movements, and low
densities (Balme et al. 2009). As a result, information regarding carrying behavior has relied
on direct observation or has been deduced
from a given outcome (e.g., caching).
Remote wildlife camera traps are a readily available, easy to deploy, and affordable
tool (Rowcliffe and Carbone 2008) used to
collect noninvasive information about carnivores (Moruzzi et al. 2002, McCallum 2013)
and allow for investigation of behaviors that
are otherwise difficult to document. Camera
trap photographs of carnivores carrying items
provide the opportunity to explore factors
that may influence carrying behavior across
species, such as body size, life history, and
resource availability. For example, larger carnivores tend to kill larger prey relative to
their own body size (Vézina 1985), and body
size in general differentiates prey size in carnivores (Koehler and Hornocker 1991). This
prey size scaling may influence the utility of
carrying items, such that small- to mediumbodied carnivores may be more likely to carry
smaller prey (e.g., rodents and lagomorphs)
compared to larger carnivores that primarily
eat larger prey (e.g., ungulates). Carrying
behavior could also be motivated by interspecific competition for food resources (Lindstedt and Boyce 1985, Oksanen et al. 1985,
Swihart et al. 1988) or vary with proximity to
the wildland-urban interface (WUI), which
occurs at the junction of residential development and undeveloped wildlands (Radeloff et
al. 2005). For example, we speculate that carrying could be an important behavior for carnivores exploiting and transporting anthropogenic
foods along the WUI to minimize perceived
and real risk associated with human encounters (Frid and Dill 2002). In addition, carrying
behavior may indicate periods of provisioning to dependent young and may vary seasonally with the timing of parental care (Garcelon
et al. 1999).
Our goal was to use camera data to describe
the diverse array of items carried by native
and domestic mammalian carnivores across a
gradient of human development in Colorado,
USA. We predicted a negative correlation
between carrying rate of vertebrate prey and

carnivore body size. That is, we expected
smaller-bodied species to carry at higher rates
than larger counterparts due to the smaller
and more transportable size of their prey. We
also evaluated the degree to which prey carried by carnivores reflect known diets, and we
predicted that items associated with human
development would be carried more frequently
in areas close to the WUI. Finally, we evaluated seasonal variation in carrying behavior
for red fox (Vulpes vulpes), the species with
the greatest number of carrying events in our
study, predicting higher carrying rates during
spring and summer, the seasons that coincide
with parental care.
METHODS
Study Area
We used camera data from 2 studies (Gramza
et al. 2014, Lewis et al. 2015) conducted along
Colorado’s Western Slope (WS) and Front Range
(FR) (Fig. 1). The WS study area, sampled in
2009, consisted of low-density exurban development and wildland habitat on the Uncompahgre Plateau of Colorado near the town of
Montrose, Colorado (population = 19,132;
USCB 2010). Elevations ranged from 1800 m
to 2600 m with annual precipitation of 43 cm,
and dominant vegetation comprised pinyonjuniper (Pinus edulis, Juniperus scopulorum)
forest with areas of ponderosa pine (Pinus
ponderosa) and meadows. Wildland habitat was
managed by the Bureau of Land Management,
United States Forest Service (USFS), and private landowners (Lewis et al. 2015). The FR
study area, sampled in 2010–2012, consisted
of WUI adjacent to Boulder, Colorado (population = 97,385; USCB 2010), and wildland
habitat to the northwest of the city. Elevations
ranged from 1600 m to 2500 m, with an annual
precipitation of 53 cm, supporting a range of
habitats including foothills grasslands, ponderosa pine forests, and riparian areas. FR
locations consisted of open-space properties
managed by Boulder City Open Space and
Mountain Parks; Boulder County Parks and
Open Space; the USFS; and private landowners (Lewis et al. 2015).
Sampling
Carrying behavior data were incidentally
collected from 2 camera trap studies developed to survey wildlife populations in the
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Fig. 1. Locations of 2 study areas in the urban Front Range (FR) and rural Western Slope (WS) in Colorado, USA.
Each study area consisted of 2 camera grids (northern and southern). The southern FR grid was adjacent to the wildlandurban interface (WUI) along the western edge of the city of Boulder, Colorado, and the FR study area contained an
additional fine-scale camera array of 5 transects (FR WUI, blue lines) that extended 1 km from the WUI boundary.

WS and FR study areas (Gramza et al. 2014,
Lewis et al. 2015). Cameras were deployed at
2 scales, corresponding to the original goal of
each study. One study (Lewis et al. 2015)
estimated occupancy and population density
of wild felids via 4 camera grids, 2 on WS
and 2 on FR (Fig. 1). Each grid contained
twenty 2 × 2-km cells, with one motion-activated camera per cell (Lewis et al. 2015).
Northern and southern sample grids in each
study area were spaced approximately 6 km
apart. A second study (Gramza et al. 2014)
documented activity of domestic cats and wildlife at increasing distances from the urban
edge in the FR study area via 5 fine-scale
transects that extended west 1 km from the
WUI boundary into open space west of Boulder, Colorado (hereafter referred to as the
FR WUI transects). On each transect, 5 cameras were stationed at intervals of 0 m, 100 m,

250 m, 500 m, and 1000 m from the WUI.
Data were obtained from Cuddeback motionactivated cameras that took one photograph
per trigger and were armed with a 15 s to 1 min
delay depending on human and wildlife use
patterns at the site. We used a combination of
white-flash and infrared (IR)-flash cameras,
where IR-flash cameras were used in areas of
high human activity to avoid vandalism (Lewis
et al. 2015). Cameras were located on wildlife
travel routes, including game trails, recreational
trails, and secondary dirt roads, to increase
detection probability of carnivores.
Analysis
Items carried by carnivores were identified
by a single observer using a relational database photo-sorting program (Ivan and Newkirk
2016), and identifications were verified by a
second independent observer. Vertebrate prey
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items were identified to the lowest taxonomic
classification possible. Anthropogenic items
included both human-subsidized food items
(e.g., hot dogs) and nonfood items (e.g., plastic bags) originating from human sources. In
addition to anthropogenic items, we identified 3 synanthropic prey species associated
with human development (i.e., domestic cats
[Felis catus], raccoons [Procyon lotor], and
urban introduced fox squirrels [Sciurus niger])
to explore their use by carnivores. Domestic
cats were analyzed as both predator and prey
species, given they were found both carrying
prey and carried as prey in our study. Items
that could not be identified were classified
as unidentifiable.
We calculated an overall rate of carry for
each carnivore species by dividing the number of photographs featuring carrying behavior by the total number of photo captures of
that species. We considered photographs of
carrying behavior events taken at a camera
site to be independent if images were obtained
>1 h apart (Lewis et al. 2015). Given that we
could not individually identify animals, we
could not determine whether the same individual was captured multiple times on the
same or different cameras. However, we did
not observe the same carrying event recorded
at multiple camera stations on the same day,
so we assume that carrying events across cameras were independent. Given the small sample sizes, we calculated confidence intervals
for our carrying rates using an exact binomial
test for single proportions in R (R Core Team
2017). To assess the relationship between rate
of carry and carnivore body size, we calculated the correlation between overall rate of
carry and average female carnivore mass
(Lindstedt et al. 1986) using a Spearman rank
correlation test in R (R Core Team 2017).
We compared the assortment of items carried by each carnivore species to the dietary
literature for each species to evaluate whether
carrying behavior was representative of known
diets. To explore whether resource use varied
in proximity to human development, we compared the number of anthropogenic and synanthropic prey items documented on the southern FR grid closest to Boulder, Colorado, and
the FR WUI transects to the remaining 3
grids (northern FR grid and WS grids).
For red fox, the species with the largest sample of carrying events, we assessed seasonal

variation in carrying behavior using Pearson’s
chi-square test for count data in R (R Core
Team 2017). Seasons were defined by the fall
and spring equinox and the summer and winter solstice dates: Fall (23 Sep–21 Dec), Winter (22 Dec–20 Mar), Spring (21 Mar–20 Jun),
and Summer (21 Jun–22 Sep). Due to small
sample sizes, we were unable to evaluate seasonal variation in carrying behavior for other
carnivore species.
RESULTS
The WS grids were sampled from 12 August
2009 to 13 December 2009 for a total of 4439
deployment days. FR grids were sampled from
1 October 2010 to 1 November 2011 for a total
of 16,415 deployment days. The FR WUI transects were sampled from 17 September 2011
to 13 December 2012 for a total of 7925
deployment days. We documented bobcats
(Lynx rufus), coyotes (Canis latrans), domestic
cats, gray foxes (Urocyon cinereoargenteus),
pumas (Puma concolor), and red foxes carrying
items in camera trap photos (Table 1). Photos of
carnivore species that never carried items were
eliminated from analysis, including American
badgers (Taxidae taxus; n = 22 photos), American black bears (Ursus americanus; n = 1091),
domestic dogs (Canis familiaris; n = 153,123),
raccoons (n = 231), ringtails (Bassariscus astutus; n = 1), striped skunks (Mephitis mephitis;
n = 623), and western spotted skunks (Spilogale gracilis; n = 49). We included descriptive
data on domestic cat carrying rate but excluded
this species from further analyses given low
sample sizes (total photos, n = 264; total photos
showing carrying behavior, n = 2).
WS study grids captured a total of 9211
photos, with 671 photos of our 5 focal carnivore species (i.e., bobcat, coyote, gray fox,
puma, and red fox); FR study grids captured
151,572 photos with 3498 photos of focal carnivores, and the FR WUI transects captured
535,976 photos with 2733 photos of focal carnivores. Our 5 focal carnivore species were
captured at each of the 5 study areas. Red
foxes were most frequently detected (n =
2852), followed by coyotes (n = 1513), bobcats (n = 869), gray foxes (n = 716), and
pumas (n = 688). The overall rate of carry was
highest for the red fox (n = 97, 3.40%, 95%
CI 2.77–4.13), followed by the gray fox (n =
19, 2.65%, 95% CI 1.61–4.11), bobcat (n = 14,
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TABLE 1. Summary of items carried in the mouths of 6 carnivore species on the Front Range (FR), Western Slope
(WS), and overall. Overall carrying rate was calculated after pooling FR and WS data. For mammals, the numbers of
items captured are listed by taxonomic order where possible.

Items carried

N
___________________________________________________________________________
Red fox
Gray fox
Bobcat
Coyote
Puma
Domestic cat

FRONT RANGE (FR)
Mammals
Rodentia
Lagomorpha
Carnivora
Artiodactyla
other
Fish
Birds
Reptiles
Anthropogenic
Unidentifiable
Total items carried
Total photos
Carrying rate (%)

45
15
15
0
0
15
2
4
1
3
42
97
2838
3.42%

15
6
5
0
0
4
0
1
0
0
0
16
572
2.80%

9
4
5
0
0
0
0
2
0
0
0
11
644
1.71%

4
0
0
0
1
3
0
0
0
1
2
7
1321
0.53%

3
0
0
3
0
0
0
0
0
0
0
3
605
0.50%

1
1
0
0
0
0
0
0
0
0
0
1
251
0.40%

WESTERN SLOPE (WS)
Mammals
Rodentia
Lagomorpha
Artiodactyla
other
Total items carried
Total photos
Carrying rate (%)

0
0
0
0
0
0
14
0.00%

3
3
0
0
0
3
144
2.08%

3
0
3
0
0
3
225
1.33%

3
0
0
1
2
3
192
1.56%

0
0
0
0
0
0
83
0.00%

1
1
0
0
0
1
13
7.69%

OVERALL
Total items carried
Total photos
Carrying rate (%)

97
2852
3.40%

19
716
2.65%

14
869
1.61%

10
1513
0.66%

3
688
0.44%

2
264
0.76%

1.61%, 95% CI 0.86–3.04), coyote (n = 10,
0.66%, 95% CI 0.21–1.09), and puma (n = 3,
0.44%, 95% CI 0.10–1.44). Although the number of focal carnivore species was low (n = 5)
and thus reduced the power of our analysis,
we found a strong negative correlation between
rate of carry and body size (Spearman r =
−0.900; P = 0.042), where smaller-bodied
carnivores carried items at higher rates than
larger carnivores (Fig. 2).
Red foxes carried cottontail rabbits (Sylvilagus spp.), woodrats (Neotoma spp.), fox squirrels, voles (Microtus spp.), mice (Muridae),
unidentified mammalian prey items, fish, birds
(Phasianidae, Passeriformes), a snake (Colubridae), anthropogenic items, and unidentified
items (Table 1). Gray foxes carried woodrats,
cottontail rabbits, mice, a chipmunk (Tamias
sp.), unidentified mammalian prey items, a
bird (Passeriformes), and unidentified items
(Table 1). Bobcats carried cottontail rabbits
(Fig. 3A), woodrats, an Abert’s squirrel (Sciurus

aberti), and birds (Passeriformes; Table 1).
Coyotes carried mule deer (Odocoileus hemionus) heads (Fig. 3B), unidentified mammalian
prey items, an anthropogenic item, and unidentified items. Pumas carried raccoons (Fig. 3C)
and a domestic cat (Table 1). On 2 occasions
we documented a gray fox and a red fox carrying multiple cottontail rabbits in a single
photo (e.g., Fig. 3D). We captured domestic
cats (n = 264) carrying a vole (Microtus sp. or
Myodes sp.) on the WS and a mouse (Fig. 3E)
on the FR (Table 1).
Anthropogenic items (n = 4) were carried
by carnivores solely within our southern FR
and FR WUI transects; items included dog biscuits carried by a red fox (Fig 3F), hot dogs carried by a red fox, and a green plastic bag (likely
used to contain dog waste) carried by a coyote.
Similarly, pumas and red fox carried synanthropic prey items (fox squirrels, raccoons, and
a domestic cat) solely on the southern FR grid
adjacent to Boulder and on FR WUI transects.
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Fig. 2. The relationship between average female carnivore body mass (Lindstedt et al. 1986) and rate of carry for
5 carnivore species. Smaller-bodied carnivores carried items at a greater rate than larger-bodied carnivores (r =
−0.900; P = 0.042). Vertical bars extending from each carring rate are 95% confidence intervals calculated using an
exact binomial test for single proportions.
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Fig. 3. Examples of items carried in the mouths of 6 carnivore species across Front Range (FR) and Western Slope
(WS) sites: A, Bobcat carrying a cottontail rabbit; B, Coyote carrying a deer head; C, Puma carrying a raccoon; D, Gray
fox carrying 2 cottontail rabbits; E, Domestic cat carrying mouse; F, Red fox carrying dog biscuits.
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Fig. 4. Red fox carrying behavior varied by season (c2 = 39.454, P < 0.001), with the highest rates of carrying exhibited during spring and summer months (n = 97). Data are presented as the mean rate of carry for each season across our
entire study period, with associated single proportion confidence intervals.

We observed carrying behavior across all 4
seasons for red fox (spring = 39, summer =
31, fall = 16, winter = 11), gray fox (spring =
3, summer = 9, fall = 3, winter = 1), and bobcats (spring = 1, summer = 3, fall = 6, winter
= 1). Coyotes were observed carrying items in
summer (n = 1), fall (n = 1), and winter (n =
5), and pumas were observed carrying items in
spring (n = 1) and fall (n = 2) only. Rate of
carry for red fox varied by season (c2 =
39.454, P < 0.001) and was greatest in spring
(7.20%, 95% CI 5.17–9.71), followed by summer (4.32%, 95% CI 2.96–6.08), winter
(2.05%, 95% CI 1.03–3.64), and fall (1.53%,
95% CI 0.88–2.48) (Fig. 4).
DISCUSSION
We demonstrated that wildlife camera traps
can be used to document carrying behavior in
a variety of mammalian carnivores, lending
insight into carnivore food habits and dietary
shifts along the wildland urban interface. Both
canids and felids carried an assortment of
items including mammals, birds, fish, reptiles,
and anthropogenic objects. Carrying rate was
low (0.44%–3.40%) across all carnivore species;
however, body size was a significant predictor
of carrying rate, and small carnivores carried

at higher rates than larger species. Carrying
behavior may be more frequent in smaller
species due to their relatively smaller, more
transportable prey size (Vézina 1985, Koehler
and Hornocker 1991), scatter hoarding cache
activity patterns (Smith and Reichman 1984),
or intraguild predation avoidance (Lima and
Dill 1990). Although carrying behavior is used
by carnivores to transport offspring (Malcolm
1985), we did not document any instances of
carnivores carrying young. Our sample size
was low; however, growing use of camera
traps and rapidly developing data processing
techniques (e.g., Rowcliffe and Carbone 2008,
Steenweg et al. 2017, Tabak et al. 2019) will
increasingly allow for sufficient samples of carrying events, particularly for small-to-medium
carnivores (e.g., red fox, gray fox, bobcat) with
comparatively high carrying rates.
Using wildlife cameras to document carnivore-carried prey items visible in photographs
can provide information regarding the food
habits of these predator species. For example,
the prey items recorded by our cameras were
consistent with small vertebrates (i.e., predominantly lagomorphs and rodents, but also
birds and reptiles) known to be consumed by
red foxes (Pasitschniak-Arts 1996, Contesse et
al. 2004, Larivière and Soulsbury et al. 2010),
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gray foxes (Fedriani et al. 2000, Larson et al.
2015), and bobcats (Larivière and Walton
1997, Fedriani et al. 2000, Riley et al. 2010).
In addition, the time and date stamps on remote
camera photographs, along with known location of cameras, adds high-resolution temporal and spatial dimensions to diet analysis that
are not presently available with other methods (e.g., fecal analysis, stable isotope analysis, metabarcoding). However, cameras did not
allow us to document small prey (e.g., invertebrates) or plant matter (e.g., fruits and seeds)
also eaten by omnivorous canids, such as foxes
and coyotes. Likewise, cameras were less likely
to capture large prey items, particularly for
larger carnivores (e.g., puma) that might kill
larger prey (e.g., deer) that they are less likely
to carry (Vézina 1985, Koehler and Hornocker
1991). Further, cameras did not allow us to
evaluate how much of the unidentified mammalian prey was carrion. For example, coyotes
were recorded carrying adult mule deer heads
on 2 occasions. This is consistent with their
known consumption of deer, although it is
unknown if such instances resulted from direct
predation or scavenging events; coyotes can
kill healthy adult deer, but they often focus on
fawns (Gehrt and Riley 2010, Lendrum et al.
2018) and will scavenge on puma kills (Elbroch
et al. 2017).
Camera trap photos of carrying behavior can
provide additional insight about carnivore ecology, such as anthropogenic resource use along
the urban edge. For example, although pumas
did not carry at a high rate, the prey they carried (raccoons and a domestic cat) were highly
associated with human development and carried exclusively along our FR WUI transects.
This observation is consistent with research
reporting puma dietary shifts at the urban interface in this study area, where synanthropic and
domestic animals made up almost 20% of puma
diets along the WUI (Moss et al. 2016). Additionally, red fox carried anthropogenic items
and synanthropic prey solely in the vicinity of
the WUI, supporting prior studies that found
a minimum of 50% anthropogenic items in
urban red fox stomachs (Contesse et al. 2004)
and human food and food packaging in 62% of
all red fox scats (Lewis et al. 1993). We were
also able to identify unusual carrying behavior involving anthropogenic items associated
with urbanization, such as a coyote carrying a
presumed bag of dog feces along the WUI.

Red fox displayed the highest rate of carry
and the greatest sample size, which allowed us
to explore seasonal variation in carrying rate
for this species. Red fox carried items most
frequently in spring and summer, suggesting
a correlation between carrying behavior and
times of reproduction and raising dependent
young. Similarly, on the California Channel
Islands, island fox (Urocyon littoralis) pups
caught in traps were provisioned by parents at
the trap site only during the period of dependency (May–August; Garcelon et al. 1999).
However, red fox, gray fox, and bobcats carried items across all 4 seasons, indicating that
additional factors, such as interspecific competition (Palomares and Caro 1999, Linnell
and Strand 2000), prey availability, and life
history traits, may influence carrying behavior.
Furthermore, the distinct differences in the
evolution of behavioral specializations between
canids and felids, especially regarding hunting, feeding, reproductive strategies, and habitat use (Kleiman and Eisenberg 1973), could
largely contribute to seasonal differences in
carrying behavior across species. For example,
large litter sizes and male investment in parental care are common in canids, potentially
increasing the prevalence of carrying in comparison to felids, which exhibit only female
parental care (Kleiman and Eisenberg 1973).
Although we documented carrying behavior in canids and felids, we did not record such
behavior for other carnivores such as skunks,
raccoons, and black bears. Further, carrying rates
for domestic carnivores, most notably dogs, were
surprisingly low. Domestic cats were documented carrying prey items, but their overall
capture rate was low and they were recorded
only near human development. In contrast,
domestic dogs were widely documented across
the FR in large numbers, yet no dogs were
captured carrying prey items. This may be a
result of many dogs being leashed and accompanied by owners while recreating in public
open space west of Boulder; however, Boulder
has a Voice and Sight Tag program that grants
qualified dogs off-leash privileges on open space
trails along the WUI. It is conceivable that
dogs might be less likely to carry prey items
because owners discourage them from attacking prey or carrying them, although further
research is warranted to test this hypothesis.
On a methodological note, flash type influenced the ability of observers to identify
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carried items at night due to the superior
sharpness and color in white-flash compared
to IR-flash photos (Rovero et al. 2013, Trolliet
et al. 2014). IR cameras detected 19 carrying
events, 5 of which (26%) were unidentifiable
due to blurriness of the image, whereas all
54 carrying events detected with white-flash
cameras were identifiable. Additionally, although
photographs of carrying behavior were relatively rare and varied considerably among
species, estimates of carrying rates should not
be biased assuming carnivores that carried
items are not photographed more or less often
than carnivores that do not.
In this study we highlight examples of how
camera trap data can be used to document
carrying behavior in mammalian carnivores.
For smaller carnivores that carry at relatively
high rates (e.g., foxes, bobcats), carrying behavior can provide information on small vertebrate prey and anthropogenic components
of carnivore diets, as well as place these
dietary elements in space and time. Additionally, carrying behavior can reveal novel
behaviors and further our understanding of
carnivore ecology, including dietary shifts
along the urban interface. We encourage further research to better comprehend patterns
of carrying behavior and recommend the
use of white-flash camera types to maximize
image quality.
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